Mycoplasma infection has been reported in immunocompromised cancer patients; nevertheless, it is not clear if persistent Mycoplasma infection could facilitate the proliferation of cancer cells in immunocompromised organisms. The aim of this study was to examine the relationship between persistent Mycoplasma infection and malignant transformation in an immunodeficient host model. Immunodeficient mouse model was established using cyclophosphamide and mice gastric mucosal cells were infected with Mycoplasma penetrans (Mpe). After 18 weeks, mice were sacrificed and gastric mucosal Mpe infected cells were identified by fluorescence in situ hybridization (FISH). Moreover, pathological and ultrastructural changes in mice gastric mucosa were evaluated and the expression of multiple protooncogenes was examined by Western blot. Our data show that Mpe infection was detected in the blood of immunodeficient mice and Mpe persistent infection in mice gastric mucosa was confirmed by FISH. There were pathological and ultrastructural malignant transformation occurred in the gastric mucosa of infected mice compared to control mice. Mpe infected mice showed lower expression of p53 and p21 and higher H-ras expression compared to the control group. Moreover, expression of NF-κB p65 subunit increased in Mpe infected mice, similar to the TNF-α expression. Bax expression in gastric mucosa of Mpe infected mice was lower while Bcl-2 expression was higher than in the uninfected control group. Collectively these data demonstrate that persistent Mpe infection is associated with aberrant expression of multiple proto-oncogenes in gastric mucosa of immunodeficient mice which potentially facilitate the malignant transformation.
Introduction
Mycoplasma sp. is a prokaryotic intracellular parasite which causes chronic inflammation, and persistent Mycoplasma infection has been considered as an important cancer-promoting factor [1] [2] [3] . Indeed, it has been reported that long-term Mycoplasma infection increases the PLOS ONE | https://doi.org/10.1371/journal.pone.0180514 July 10, 2017 1 / 13 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
frequency of chromosomal instability and malignant transformation in cell cultures [1, 3] . Moreover, several studies have reported persistent Mycoplasma infections in multiple tissues and organs in cancer patients [4, 5] , in particular, those in the immunocompromised state due to chemotherapy or radiotherapy. Nevertheless, it is still unclear if persistent Mycoplasma infection could facilitate the proliferation of cancer cells in immunocompromised organisms. Malignant cell transformation is generally associated with p53 or NF-κB signaling pathways [3, 6] . It has been established that p53 pathway plays an important role in maintaining genomic stability and suppressing aberrant oncogene activity [6, 7] . Furthermore, DNA damage induces ATM-dependent phosphorylation of p53 protein and its inhibitor, Mdm2 which leads to Mdm2 degradation and p53 activation [8, 9] . Nevertheless, excessive DNA damage can lead to inhibition of p53 expression [3, 9] . It has been reported that cells persistently infected with Mycoplasma show significant chromosomal abnormalities, such as addition and/or loss of chromosomes, as well as chromosomal translocations [2, 5] . This, in turn, may lead to p53 inhibition and contribute to malignant transformation [3, [6] [7] [8] [9] . A number of p53-responsive genes determine growth arrest at cell-cycle checkpoints. For instance, inhibition of p53 is a prerequisite for Ras or Myc activation [10] . Indeed, it has been shown that long-term Mycoplasma infection induces H-Ras/c-Myc overexpression and down-regulation of p53 [3, 11] . The scale of induction of cyclin-dependent kinase inhibitor p21 is indicative of the strength of p53 response [12] . Therefore, examining the status of p53, p21 and Ras is important in understanding the malignant cell transformation.
On the other side, NF-κB activated through TLR2/6, was found to be an important mediator of inflammatory reaction as well as anti-apoptotic response [13, 14] . TLR2 and TLR6 were reported as agonists of R-Pam2 lipid peptide, an important component of Mycoplasma cell membrane [13] . Therefore, constitutive activation of NF-κB signaling via TLR2/6 could be mediated through persistent Mycoplasma infection. Several studies have shown that NF-κB is long-term activated in the majority of tumors [14, 16] , which can lead to functional inactivation of p53 [16, 17] . Moreover, prolonged NF-κB activation results in chronic inflammation which has been shown to have an important role malignant cell transformation [15, 18] . Collectively, these data suggest that persistent Mycoplasma infection could possibly induce malignant transformation of host cells. Yet, it is unclear whether persistent Mycoplasma infection could lead to malignant transformation in vivo. Therefore, the aim of this study was to examine the possible role of persistent Mycoplasma infection in malignant transformation of gastric mucosal cells in an immunodeficient mouse model.
Materials and methods

Mycoplasma penetrans cultivation
Standard strain of Mycoplasma penetrans (ATCC55252) was kindly provided by Professor Zhao Jiwen (Southeast University School of medicine, Jiangsu, China) and cultivated as described below. In brief, Mpe strain was cultivated at 37˚C, 5% CO 2 in broth prepared from the tryptic digest of beef heart (PPLO broth; Diffco Industrial Construction and Maintenance Company, Texas, USA) with 10% fresh yeast extract, 20% normal horse serum, 500U/ml penicillin, 1% L-arginine and 1% glucose, pH-7.8. Bacteria were grown to the optimal growth period, and 0.2 mL was inoculated directly into liquid medium which was subsequently subcultured on agar (0.3 or 1.3%). Mpe colonies were detected under the light microscope. The titer of Mpe cells in broth was expressed as number of colony-forming units in 1 ml of medium (CFU per ml) and the 3 generations were collected.
Immunodeficient mouse model
Forty clean grade healthy C57BL/6 mice (female, 6-week old, weighing 18 to 20g each) were provided by the animal center of Wenzhou Medical College, Zhejiang Province, China and were maintained under standard conditions. The animal study was approved by the Institute of Animal Care and Use Committee of Second Hospital Affiliated to Wenzhou Medical College, Zhejiang Province, China.
Immunosuppressive mouse model was induced by cyclophosphamide which was purchased from Jiangsu Hengrui Pharmaceutical Co. Ltd, China. In brief, mice were treated with intraperitoneal injection of cyclophosphamide (50mg/ kg Ã Day), continuously for 5 days, and were then randomly divided into four sub-groups (10 mice in each group). Two groups were Mpe infected and were given either pure water or ammonia water. The other two groups were control mice which are uninfected and were given either pure water or ammonia water. The ammonia water sub-group was set up to determine whether ammonia could promote Mpe gastric mucosa infection in mice. Mpe infected mice were treated with 0.3 mL of Mpe culture solution once every other day (in a total of four times) by intragastric administration. Mice fed with ammonia water were given ammonia (125mmol/L) as drinking water, while pure water sub-groups were given pure water. After 18 weeks of feeding, mice were sacrificed and the gastric mucosa was washed with normal saline and collected. Gastric tissue was embedded in paraffin and 4μm sections were prepared using routine pathology protocol for further tissue morphological and ultrastructural examination.
The experimental animals in this study are mice. In order to alleviate the pain in mice, we firstly anaesthetized all mice using the pentobarbital, and used the cervical dislocation method to kill mice. Mice were prevented from observing the execution process before sacrifice. The method of mice sacrifice is: All mice were deeply anesthetized with pentobarbital (100 mg/kg, intraperitoneally). Press down the mouse head with your thumb and forefinger, the other hand holds the tail of the mouse and pulls it slightly back and upwards. It can cause the mouse cervical vertebra to dislocation and instantly die.
Mpe infection detection
At 18 weeks and before sacrificing the mice, blood was collected using cardiac puncture. The experiment was performed as follows. Blood samples were centrifuged at 2,500g for 15 min and the serum was collected and inoculated with Mpe liquid medium. Next, all cultures were inoculated on solid culture medium and in some samples "fried egg" colonies were seen and photographed under inverted microscope indicating the possible Mpe bacterial growth. Furthermore, total RNA was isolated using TRIZOL reagent (Invitrogen Life Technology Co., Ltd., California, USA) from the colonies and reverse transcription was performed using RT System (Promega corporation, Wisconsim, USA) according to the manufacturer's protocol. Mpe cDNA sequences were amplified by PCR using the following primers: Mpe-forward 5 0 -TGGAGCGGTGGAATGCGTAGAT-3 0 , reverse 5 0 -TAAGTCCCGCAACGAGC-3 0 . PCR conditions were: 5 min at 95˚C followed by 30 cycles of 10s at 94˚C, 20s at 56˚C and 30s at 72˚C, with final extension for 10 min at 72˚C.
The obtained PCR products were sequenced on ABI3500 (Applied Biosystems, USA), and aligned with the sequence NR_118664.1 available in BLAST database.
In addition, FISH was used to verify the Mpe colonization of mice gastric mucosal cells. Mpe oligonucleotide probe (p-5'-CATGCAAGTCGGACGAAGCA-3') was synthesized by Shanghai Bo Gu biological Company Limited (Shanghai, China), and labeled with fluorescein isothiocyanate (FITC). Hybridization kit was purchased from Wuhan BOSTER Biological Engineering Co Ltd. (Wuhan, China). In brief, according to the manufacturer's protocol, paraffin embedded sections (4μm) were deparaffinized and rehydrated, endogenous peroxidases were inactivated with 30% H 2 O 2 , and mRNA fragments were exposed by pepsin digestion then sections were fixed with 1% paraformaldehyde. After 4 hours of pre-hybridization at 42˚C, 20μl of hybridization solution with oligonucleotide probe were added on sections and were subsequently incubated overnight at 38~42˚C. On the following day, sections were treated with 0.01% 4',6-diamidino-2-phenylindole (DAPI), and washed, dried, mounted in glycerol and were examined and photographed under the fluorescent microscope.
Histopathological analysis
Histopathological examination of tissue sections was performed to investigate malignant transformation of cells. Similar to routine pathological examination, paraffin embedded blocks of the gastric antrum tissue were taken from each mice group, and paraffin embedded tissue was continuously sliced into 4μm thick sections, which were subsequently stained by the hematoxylin-eosin (HE) staining and examined by a trained pathologist.
Ultrastructural changes of gastric antrum cells were examined by transmission electron microscopy. Gastric antrum tissue was collected from each mice group, and 0.5cm x 0.5cm x 0.5cm tissue sample was fixed with 1% osmic acid, and then embedded using the epoxy resin agent which results in specimen sections of copper mesh. After the double staining with lead and uranium, sections were examined under transmission electron microscope and photographed by a senior pathologist.
Western blot analysis
For the protein expression analysis, western blot was performed according to the previously described protocol [19] . In brief, after mice were sacrificed, gastric mucosa was harvested and homogenized in 1 mL of lysis buffer containing 50 mM NaCl, 10 mM Tris, 1 mM EDTA, 1 mM PMSF, 0.5 mM Na 3 VO 4 .12H 2 O, 50 mM NaF and 1 mM benzamidine. Next, samples were centrifuged at 12,500 g for 15 min at 4˚C. Protein concentration was determined using BCA Protein Assay Reagent (Pierce Com., Rockford, USA). Equal amounts of protein lysate (20 μg) from each sample were loaded on a 7.5% sodium dodecylsulphate (SDS)-polyacrylamide gel for electrophoresis. Proteins were then transferred onto polyvinylidene difluoride membranes (Amersham Pharmacia Biotech, Piscataway, USA). Nonspecific binding to the membranes was blocked with 3% BSA in tris buffered saline (TBS) for 1 h at room temperature.
Next, membranes were incubated overnight at 4˚C with primary antibodies anti-p53-mouse monoclonal antibody (sc-13580), anti-p21-mouse monoclonal antibody (sc-817), anti-H-Ras-mouse monoclonal antibody (sc-29), anti-Bax-mouse monoclonal antibody (sc-7480), anti-Bcl-2-mouse monoclonal antibody (sc-7382), anti-TNF-α-mouse monoclonal antibody (sc-1350), anti-p65-rabbit polyclonal antibody (sc-135769) and anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (sc-25778). Next day, horseradish peroxidaseconjugated secondary goat anti-mouse IgG2a-HRP (sc-2061) antibody or secondary goat anti-rabbit (Catalogue #) were applied. All primary antibodies and horseradish peroxidaseconjugated secondary antibodies were purchased from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA).
Western blots were visualized using enhanced chemiluminescence detection reagents ECL™ Blotting Reagents (GERPN2109, Sigma, St Louis, USA) according to the manufacturer's instructions. Quantification of protein bands was performed by scanning membranes with the Bio-Rad GelDocTM XR and Chemi DocTM XRS systems (Bio-Rad, Hercules, CA, USA), and the bands were further analyzed using the Quantity One 1-D Analysis Software Version 4.6.3. (Bio-Rad, Hercules, USA).
Statistical analysis
All experiments were carried out at least three times. Results are presented as mean ± standard deviation. For the statistical analysis, SPSS 19.0 software (SPSS, Chicago, USA) was used and unpaired Student t-test was performed to determine statistical significance. P<0.05 was considered significant.
Results
Detection of Mpe in gastric mucosa of immunodeficient mice
To test for the presence of Mpe infection, serum samples were collected from mice in every experimental group and then cultured. As shown in Fig 1a, culture plates obtained from animals from the infection groups were shown to form visible "fried egg" colonies, whereas no colonies were detected from serum samples obtained from the non-infected mice (Fig 1b) . Furthermore, RNA was extracted from these colonies and 16S RNA was amplified by RT-PCR and sequenced in order to confirm the Mpe infection. Alignment of the obtained 16S RNA sequences with sequences in the BLAST data base confirms that the sample was indeed infected with Mpe strain (sequence no.: NR_118664.1).
To detect whether mouse gastric mucosa was infected with Mpe, we used the FITC labeled Mpe oligonucleotide probe for the FISH analysis. Gastric mucosa cells from infected mice showed point green fluorescence under the fluorescent microscope (Fig 1c) . The observed fluorescence pattern of gastric mucosa sections of Mpe infected mice treated with pure water was not significantly different when compared to those treated with ammonia water. Moreover, no specific green fluorescence was detected in mouse gastric mucosa sections taken from the Mpe non-infected mice (Fig 1d) .
Analysis of pathohistological changes and ultrastructure of gastric mucosa in mice infected with Mpe
The aim of this study was to examine the relationship between Mpe infection and malignant transformation of gastric mucosa cells in immunodeficient mice. For this purpose, an immunodeficient mouse model was generated using cyclophosphamide and mice were then divided into Mpe infected or non-infected groups. Histopathology and ultrastructural examination of tissue cells were used to examine changes in the mouse gastric mucosa after 18 weeks. In the two uninfected control sub-groups, no precancerous lesions were detected (Fig 2a and 2b) . The epithelial gastric mucosal cells were arranged in order and glands were not damaged. However, precancerous gastric mucosal lesions were observed in the other two Mpe infected sub-groups as well, which the mucosal surface were damaged with inflammatory cell infiltration, and tissue showed signs of nuclear heterogeneity, abnormal nuclear size, morphology, nuclear chromatin increased, nuclear membrane thickening, irregular borders etc (Fig 2c  and 2d) .
Furthermore, ultrastructure of mouse gastric mucosa was analyzed by transmission electron microscopy. In Mpe non-infected mice groups, the precancerous lesions were not observed (Fig 2e and 2f) and gastric mucosa cells were arranged neatly with no abnormalities. Similar to the histopathological examination, precancerous gastric mucosal lesions were found in Mpe infected sub-groups, which the characteristics of nuclear heterogeneity are shown for gastric mucosa cells, nuclear condensation, nucleolus enlargement, nuclear irregular, cytoplasmic vacuoles, and inflammatory cell infiltration was observed consistent with the inflammation status of these tissues (Fig 2g and 2h) .
Infection with Mpe suppresses p53 protein expression
To detect whether Mpe infection influences p53 expression, we have examined the expression of p53 in mouse gastric mucosa samples of different treatment sub-groups using western blot. The expression of p53 in Mpe infected mice sub-groups was found to be lower than in the uninfected mice sub-groups. In addition, no difference in p53 protein expression was observed between the pure water and ammonia water treated sub-groups of both Mpe infected and uninfected mice (Fig 3) . To further confirm the p53-inhibitory effect on Mpe infection in mouse gastric mucosal cells, we have examined the induction of endogenous p53-responsive p21 gene. As shown in Fig 3, Mpe infection resulted in a significant reduction of p21 protein induction in comparison with Mpe non-infected sub-groups. In addition, p21 gene expression did not show any difference between pure water and ammonia water treated sub-groups in both Mpe infected and uninfected conditions. Since p53 activity can prevent malignant cell transformation and p53 inhibition is required for Ras oncogene activation of p53 suppression, we have further explored if Mpe infection was sufficient to make mouse gastric mucosa cells permissive for Ras gene expression. In Mpe infected mice sub-groups, H-Ras protein expression in gastric mucosa cells was higher than in uninfected mice sub-groups. No difference in H-Ras expression was observed between the pure water and ammonia water treated subgroups of both Mpe infected and uninfected mice (Fig 3) . Collectively these data indicate that persistent Mpe infection makes gastric mucosal cells of immunodeficient mice probably more susceptible to malignant transformation.
Constitutive activation of NF-κB signaling pathway in mouse gastric mucosa Mpe infected cells
In order to determine whether Mpe infection activates NF-κB pathway in mouse gastric mucosa cells, the expression of p65 subunit of NF-κB transcription complex was examined. The p65 protein expression in Mpe infected mice sub-groups was higher than the uninfected sub-groups. In addition, no difference in p65 expression was observed between the pure water and ammonia water treated sub-groups of both Mpe infected and uninfected mice (Fig 4) . Moreover, TNF-α protein expression was examined in each mice sub-group and it was significantly higher in Mpe infected mice sub-groups compared to uninfected ones. Collectively these data suggests that Mpe infection constitutively triggers the NF-κB pathway which can potentially lead to malignant transformation in gastric mucosa of the immunodeficient mice.
Influence of Mpe infection on apoptosis
To assess whether Mpe infection inhibits p53-dependent apoptosis, Bax and Bcl-2 protein expression was examined in mouse gastric mucosa. As shown in Fig 5, expression of Bax protein was lower in Mpe infected mice sub-groups. In contrast, Bcl-2 protein expression was higher in Mpe infected mice sub-groups when compared to non-infected mice groups. In addition, no difference in Bax and Bcl-2 expression was observed between the pure water and ammonia water treated sub-groups of both Mpe infected and uninfected mice. These results show that the expression of anti-apoptotic Bcl-2 was higher than Bax in Mpe infected group, although they were both expressed in Mpe infected and non-infected mice. These data suggests that overexpression of anti-apoptotic Bcl-2 in Mpe infected mice sub-groups might facilitate malignant transformation of gastric mucosa cells.
Discussion
In most cases, persistent Mpe infection is associated with immunodeficiency which is caused by several reasons such as HIV infection or anticancer treatment [20, 21] . However, whether persistent Mpe infection increases the potential of cells to become malignant in immunodeficient patients has not been established yet. In this study, we have shown that persistent Mpe infection of immunodeficient mice gastric mucosa results in potential malignant transformation, and it could be the reason for aberrant expression of p53, p21, Bax, H-ras, Bcl-2, p65 and TNF-α. It has been reported previously that suppressed p53 function and constitutively activated NF-κB signaling are common features in malignant cell transformation [22] [23] [24] . In addition, studies have shown that persistent Mycoplasma infection of 32D cells in vitro resulted in p53 suppression and NF-κB activation [3, 17, 25] . Nevertheless, very little is known about the association between Mycoplasma infection and malignant cell transformation in vivo. The reason might be that Mycoplasma infections are mostly asymptomatic and therefore rarely treated. Cyclophosphamide is usually used as a broad-spectrum anticancer drug and its side effects are associated with immunodeficiency [26, 27] . In this study, we used cyclophosphamide to inhibit mice immune function and we have infected their gastric mucosa with Mpe through intragastric administration. In order to enhance Mpe infection ratio, a small amount of low concentration ammonia was added to mice drinking water. Mice blood and gastric mucosa were collected and cultured and Mpe colonies were further confirmed by16S RNA sequencing. In addition, FISH was used to confirm the Mpe infection in mice gastric mucosal cells (Fig 1c) .
To explore the relationship between persistent Mpe infection and malignant cell transformation, our study primarily focused on histopathological and ultrastructural changes in the gastric mucosa. Compared to uninfected mice, in Mpe infected mice we detected precancerous lesions that infer malignant transformation, which tissue showed signs of nuclear heterogeneity, abnormal nuclear size, morphology, nuclear chromatin increased, nuclear membrane thickening, irregular borders etc (Fig 2c and 2d) ; and gastric tissue was infiltrated with inflammatory cells, a clear sign of inflammation. Accordingly, ultrastructural changes (Fig 2g and  2h) in the Mpe infected mice gastric mucosa such as nucleolus enlargement and nuclear irregular, rough endoplasmic reticulum were observed also consistent with nuclear heterogeneity. Our finding identical to the Logunov et al [3] report which in which they created persistent Mycoplasma infection in a rodent fibroblast model. In their study, persistent Mycoplasma infection resulted in carcinogenic and mutagenic changes in vitro, due to the inhibition of p53 function [3] . Although our study was conducted in vivo which consequently adds to the complexity of the parameters, the final result showed precancerous lesions in Mpe infection groups, which might be a result of the suppression of p53. Another our study (data not published) showed that Mpe could induce precancerous lesions in mouse bladder cells in vivo. Based on these findings, further studies examining the potential influence of persistent Mycoplasma infection on malignant transformation in different cell types and tissues in vitro and in vivo are clearly warranted.
Previous studies have shown that p53 and NF-κB pathways are involved in Mycoplasma infection leading to cell malignant transformation in vitro [3, [16] [17] [18] . In this study, we wanted to examine the potential role of p53 and NF-κB pathways in Mpe persistent infection in immunodeficient mice. Maintenance of genomic stability as well as suppression of aberrant oncogene activity is among the principal functions of the p53 pathway [6, 7] . The scale of induction of p21 is an indicator of the strength of p53 response [12] and p53 inhibition is the premise of the Ras activation [7] . Excessive damage of DNA prevents it repair or apoptosis via p53 pathway, and can, in turn, lead to malignant transformation [3, 9] . Therefore, in this study, we have examined H-Ras/C-Myc, p21 and p53 expression levels in order to evaluate the malignant transformation of cells. In our study, both p53 and p21 were suppressed in mice gastric mucosa cells infected with Mpe while H-Ras expression was increased.
NF-κB pathway is a major regulator of immunity and is responsible for the reaction to extrinsic stresses. Long-term activation of NF-κB can cause chronic inflammation, which can lead to malignant transformation [3, 14] . The p65 protein is a sub-unit of the NF-κB transcription complex and its increased expression is indicative of NF-κB activation and the presence of inflammation. In addition, constitutive activation of NF-κB signaling, which contributes to resistance to apoptosis and p53-mediated suppression, was a common feature of tumor cells [14, 16] . In our study, p65 and TNF-α expression in gastric mucosa of Mpe infected mice was increased when compared to uninfected mice. Both Mpe infection induced p53 suppression and NF-κB activation are crucial for malignant transformation in gastric mucosal cells. In order to assess the influence of Mpe infection on apoptosis in gastric mucosa cells, we have examined the expression of Bax and Bcl-2. In Mpe infected mice, Bax expression was reduced, while Bcl-2 was elevated when compared to the gastric mucosa of uninfected animals.
In summary, we found that the pathological and ultrastructural precancerous lesions had been occurred in the gastric mucosa of infected mice compared to control mice, and both p53 suppression and NF-κB activation have been shown in Mpe infected gastric mucosa cells. These observations raised the possibility that Mpe infection might have a role in malignant transformation owing to the two pathway action of p53 suppression and NF-κB activation in immunodeficient mouse model.
Conclusions
Finally, given asymptomatic Mpe infection persisted in vivo, even partial deregulation of the above-described pathways might create a higher risk for malignant transformation in the immunodeficient organism. Hence, more attention should be paid to prevention and treatment of Mpe infection in patients with immunodeficiency. Therefore, further studies clarifying mechanisms involved in the Mpe infection and its possible role in mediating malignant transformation are clearly needed.
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